Background: Conventional guidelines have limited effect on changing physicians' test ordering. We sought to determine the effect of patient-specific ratings vs conventional guidelines on appropriate investigation of angina.
. Within-arm comparisons confirmed that conventional guidelines had no effect but that patient-specific ratings significantly changed physicians' decisions toward appropriate recommendations for exercise electrocardiography (55% vs 42%; OR, 2.62; 95% CI, 2.14-3.22) and for angiography (80% vs 65%; OR, 2.10; 95% CI, 1.79-2.47). These effects were robust to physician specialty (cardiologists and general practitioners) and to vignette characteristics, including older age, female sex, and nonwhite race/ethnicity.
Conclusion:
Patient-specific ratings, unlike conventional guidelines, changed physician testing behavior and have the potential to reduce practice variations and to increase the appropriate use of investigation. Med. 2007; 167:195-202 M EDICAL SOCIETIES 1 AND governments 2,3 have made a large investment in developing and implementing clinical practice guidelines to reduce variation in physician behavior and to make medical care more cost-effective. Despite this investment, the effect of conventional guidelines on changing physician behavior is modest when tested in controlled investigations 4 and in the context of routine practice. 5, 6 In coronary heart disease, numerous guidelines address investigation strategies, but few data suggest that investigation guidelines change practice. 7 Many patients with angina do not undergo adequate investigation, and the prognostic effect of inequitable underuse among women and older patients is a concern. 8, 9 A recent meta-analysis 10 of decision support interventions identified the use of specific recommendations, a computerized format, and integration into the clinician work flow as 3 factors associated with changing physician behavior. Patientspecific ratings offer these features, as they are tailored to individual patient characteristics and are easily incorporated into the consultation in a computerized format (eg, as online prompts) with unambiguous recommendations that a test is appropriate or inappropriate for each patient. Patient-specific ratings of the appropriateness of investigation are derived using explicit methods 11 that take into account the evidence base and incorporate the judgments of generalists and specialists.
Arch Intern
The specific objective of the Appropriateness of Referral and Investigation in Angina (ARIA) Trial was to determine the extent to which patient-specific ratings change physician testing behavior compared with conventional guidelines. We randomized physicians to patient-specific ratings or to conventional guide-lines, and recommendations for exercise electrocardiography (ECG) and angiography were assessed. We used patient vignettes to control for case-mix variation. 12 The patient-specific ratings consisted of online prompts stating whether the specific vignette was considered appropriate or inappropriate for investigation. Access to detailed information on how the ratings were derived was included.
METHODS

TRIAL PARTICIPANTS AND PATIENT VIGNETTES
Physicians were eligible to participate in the trial if they were members of the British Cardiac Society (1032 cardiologists) or were general practitioners (2206 physicians, limited to 1 per practice) in the primary care trusts referring to 9 cardiothoracic centers in England and Scotland. Eligible physicians were invited to participate online. Physicians were randomized to an intervention of patient-specific ratings derived by 2 independent expert panels or by conventional American Heart Association 13 and European Society of Cardiology 14 guidelines. Each physician was asked to judge the appropriateness of exercise ECG or angiography in 12 Web-based patient vignettes before the intervention and then in 12 vignettes after the intervention (Figure 1 ). Physicians were told that this was a study of decision support but not that it was a randomized trial of different types of decision support. Physicians were reimbursed for their participation. At registration, physicians were asked about details of their practice ( Table 1 
DEVELOPMENT OF PATIENT VIGNETTES
We developed 48 unique vignettes of patients with suspected or confirmed angina based on unique combinations of clinical factors (indications). Each indication had previously been rated for the appropriateness of exercise ECG and angiography by 2 expert panels independently, using the RAND/University of California at Los Angeles method. 11 The panels each comprised 5 cardiologists, 1 cardiothoracic surgeon, and 5 general practitioners with an interest in cardiology. These 22 physicians were recruited from the same 9 centers on the basis of expertise (15 had published in the field) and peer nomination. They were not eligible for the trial (further details are available at http://www.ucl .ac.uk/ceg/studies). We chose only indications that were rated in the same appropriateness category by both panels, providing a more reliable definition of appropriateness. To resemble reallife patients, the vignette narratives described these clinical factors in free text (See the boxed example on page 198), 15 included information on patient occupation and comorbidity, and represented a wide range of clinical and demographic characteristics, as summarized in Table 2 .
We divided the 48 vignettes into 4 blocks of 12 and then created sequences of 2 blocks (1 preintervention and 1 postintervention) with evenly distributed clinical and demographic factors from all possible combinations of the 4 blocks (12 sequences of 2 blocks). The sequence of vignettes was random within each block. Participants in both arms were given 2 blocks of 12 vignettes following randomization (1 before the inter- *The size of the subsample (n) refers to the general practitioners (GPs) and cardiologists who have and have not completed the first 12 vignettes. The 93 GPs and 54 cardiologists with conventional guidelines who completed the trial are detailed in Figure 1 ; the 27 GPs and 10 cardiologists who did not complete the trial are summarized as the 37 physicians who did not complete the trial. The same is true for 21 and 13 physicians in the ratings arm.
vention and, on completion, 1 with the intervention. They were asked to make recommendations for investigation using a 5-point scale (1, definitely do; 2, probably do; 3, unsure; 4, probably do not do; or 5, definitely do not do).
INTERVENTIONS
The unit of randomization was individual physicians. A research assistant randomized 363 physicians using minimization software to balance recruitment by the 9 centers and the 2 clinical specialties. Physicians received an intervention after they completed the first set of 12 vignettes without decision support. In the conventional guidelines arm, physicians were automatically provided online guideline paragraphs most relevant to each vignette, as well as links to the full-text guidelines. The physicians were free to use any of the guidelines, and their use was recorded. In the patient-specific ratings arm, physicians were automatically provided online ratings applicable to the vignette, ranging from 1 to 9 (1-3, inappropriate; 4-6, equivocal; or 7-9, appropriate) for exercise ECG or angiography. For example, if the rating for exercise ECG was 7 for that particular patient vignette, the electronic prompt to physicians was †Presence of pathologic Q waves, regional ST-segment depression, or regional T-wave inversion. ‡The patient develops 1 of the following 4 scenarios: (1) After the first 3 minutes of the test, 1 mm or more of horizontal or downsloping ST-segment depression is present 80 milliseconds after the J point. (2) After the first 3 minutes of the test, typical angina occurs. (3) Scenario 1 or 2 occurs during the first 3 minutes of the test (or occurs at heart rate Ͻ120 beats/min, off ␤-blockers, or Ͻ6.5 metabolic equivalents). (4) Based on blood pressure criteria, the exercise test is stopped because of (a) a fall in blood pressure or a test result read as abnormal and at least 2 consecutive 10-mm Hg blood pressure systolic drops from baseline (defined as the lower of standing or hyperventilation systolic blood pressure) that occurs during the exercise phase of the test or (b) more than 2 mm of horizontal or downsloping ST depression at any time or (c) persistence of ST depression more than 6 minutes after exercise.
§Low risk indicates 0 risk factors; medium risk, 1 to 2 risk factors; and high risk, 3 or more risk factors or diabetes mellitus or proven arterial disease in cerebral or peripheral circulations. Risk factors are defined as smoking, hypertension, dyslipidemia, family history, obesity, and nonwhite race/ethnicity (with age and sex considered separately).
Submaximal therapy indicates only 1 agent or 2 agents at submaximal dosage; maximal therapy, 2 or more agents at maximal dosage such that the physician has no further therapeutic option with drugs alone in the control of symptoms.
¶For an explanation of the RAND ratings see Fitch et al.
"the expert panels recommend exercise testing (rating 7)". Physicians were also given access to detailed information on how the ratings were derived.
OUTCOMES
The primary outcome for all test-ordering decisions was agreement of physicians' recommendations with those made by the 2 independent expert panels. Agreement was defined by a physician recommending definitely or probably doing a test rated appropriate by the panels or by recommending definitely or probably not doing a test rated inappropriate. An unsure recommendation was interpreted as disagreement.
As a secondary outcome, we investigated the agreement of physicians' recommendations with those of the American Heart Association and the European Society of Cardiology guidelines, which are based on the pretest probability of coronary artery disease. The guidelines recommend that exercise ECG be performed if the pretest probability is intermediate (20%-80%) and not be performed if the pretest probability is lower than 20% or higher than 80%. In the subset of 25 vignettes without confirmed coronary artery disease or previous exercise ECG results, we assessed the pretest probability of coronary artery disease using the Duke score 16 based on the vignette characteristics of age, sex, smoking, cholesterol levels, resting ECG changes, typicality of chest pain, and presence of diabetes mellitus. The pretest probability score allowed each of these 25 vignettes to be categorized according to American Heart Association and European Society of Cardiology recommendations for exercise ECG.
SAMPLE SIZE CALCULATION
We estimated that 140 physicians were required in each arm to detect an odds ratio (OR) of 1.50 for the effect of patientspecific ratings vs conventional guidelines, assuming that agreement with the panel was found in 60% of decisions in the conventional guidelines arm, with 80% power and at 5% significance. Because individual recommendations may be correlated for individual physicians (ie, clustered) or for individual vignettes (ie, nonindependent), the effective sample size may be less than the total number of decisions analyzed. To take this into account in the sample size calculation, we assumed intracluster correlation coefficients of 0.06 between physicians and 0.04 between vignettes.
STATISTICAL ANALYSIS
The unit of analysis was physician recommendations on each vignette, and we used random-effects logistic regression analysis allowing for intracluster correlation. Between physicians, intracluster correlation coefficients for recommendations in agreement with patient-specific ratings were 0.06 for exercise ECG and less than 0.01 for angiography; for recommendations in agreement with conventional guidelines, they were less than 0.01. Between vignettes, intracluster correlation coefficients were negligible, so we allowed for clustering by physician only. We calculated ORs (95% confidence intervals [CIs]) comparing agreement between the recommendations made by trial physicians and the 2 outcomes between trial arms and within trial arms, using physicians as their own controls. We investigated whether effects differed in prespecified subgroups (physician specialty and age, sex, and race/ethnicity of the patient in the vignette) by fitting interaction terms. We excluded from the main analysis 71 physicians who did not complete the first 12 vignettes. We also examined the volume of appropriately recommended tests in both arms following the intervention. Analysis was conducted blind to the intervention using STATA 8.0 (StataCorp LP, College Station, Tex).
RESULTS
PARTICIPANT AND VIGNETTE CHARACTERISTICS
Cardiologists and general practitioners did not differ between trial arms with respect to practice characteristics 
History
A 78-year-old, white, retired chef consulted her general practitioner. She had a history of low back pain thought to be due to osteoporosis of the lumbar spine. On direct questioning, she complained of intermittent chest pain radiating into the back during the previous 3 months. The symptoms had recently become more troublesome, although they did not restrict her unduly in her daily activities. The pains were central and were described as tight and lasting up to 10 minutes at a time, sometimes associated with shortness of breath. She was unsure of any specific provocative factors but on direct questioning acknowledged that walking up stairs was associated with the symptoms, although she was more disturbed by the light-headed feeling she got on exertion. She had been prescribed a long-acting nitrate, aspirin, a statin, and a ␤-blocker. Examination On examination, she had psoriatic plaques on the elbows and knees and a kyphotic thoracic spine. 
BETWEEN-ARM COMPARISONS
Before the intervention, decisions about the first 12 vignettes were no more appropriate in one arm than in the other: for exercise ECG, appropriate decisions were 619 (42%) of 1475 in the patient-specific ratings arm and 633 (43%) of 1484 in the conventional guidelines arm; for angiography, the corresponding figures were 1018 (65%) of 1557 and 1015 (65%) of 1563. Figure 2 shows that after the intervention physicians receiving patient-specific ratings were more likely to reach appropriate decisions about the second set of 12 vignettes for exercise ECG (54.9% vs 43.5%; OR, 1.57; 95% CI, 1.36-1.82) and for angiography (79.9% vs 64.0%; OR, 2.24; 95% CI, 1.90-2.62) compared with those receiving conventional guidelines. The effect of patient-specific ratings on changing testordering behavior was consistent across vignettes with different age, sex, and race/ethnicity variables and by physician specialty (Figure 3) . Decisions in the patientspecific ratings arm vs the conventional guidelines arm did not differ (OR, 1.15; 95% CI, 0.93-1.41) for the secondary outcome (based on the Duke score for exercise ECG).
Overall, the use of patient-specific ratings led to an increase in the volume of appropriate tests ordered compared with the use of conventional guidelines. These values were 699 (84%) of 831 vs 541 (66%) of 817 for exercise ECG (PϽ.001) and 732 (81%) of 906 vs 604 (68%) of 890 for angiography (PϽ.001). Figure 4 shows within-arm comparisons before and after the intervention. Physicians receiving patientspecific ratings made more appropriate decisions on exercise ECG (OR, 2.62; 95% CI, 2.14-3.22) and on angiography (OR, 2.10; 95% CI ,1.79-2.47) following the intervention, while conventional guidelines did not lead to an increase in appropriate decisions. Decisions within the patient-specific ratings arm (OR, 1.13; 95% CI, 0.91-1.37) and within the conventional guidelines arm (OR, 1.05; 95% CI, 0.87-1.26) did not change for the secondary outcome (based on the Duke score for exercise ECG). Figure 2 . Effect of patient-specific ratings vs conventional guidelines on correct testing decisions based on 2 independent expert panels (between-arm comparisons). AHA/ESC indicates American Heart Association/European Society of Cardiology; CI, confidence interval; ECG, electrocardiography; and OR, odds ratio. Figure 3 . Effect within age, sex, and race/ethnicity of patient vignettes and of physician specialty. CI indicates confidence interval; ECG, electrocardiography; GPs, general practitioners; and OR, odds ratio.
WITHIN-ARM (BEFORE AND AFTER) COMPARISONS
At baseline among patients in whom angiography was deemed appropriate by the expert panels, women seemed to be less likely to be recommended for angiography than men before the intervention (OR, 0.72; 95% CI, 0.54-0.97). This apparent sex inequity was attenuated by the patient-specific ratings intervention (OR, 0.94; 95% CI, 0.67-1.32). This was also the case for exercise 
COMMENT
In this multicenter trial, physicians randomized to patientspecific ratings changed their test-ordering decisions markedly, whereas those given conventional guidelines did not. To our knowledge, this is the first trial comparing computerized patient-specific ratings vs conventional guidelines in investigation decisions or in any aspect of cardiovascular disease. Based on more than 10 000 investigation decisions in the management of suspected or confirmed angina, these findings suggest that patientspecific ratings are a promising novel technology for improving appropriate investigation among patients with angina in primary and secondary care. Chest pain in ambulatory care is probably the most common initial presentation of coronary artery disease, and early accurate diagnosis is important to prevent progression to acute coronary syndromes. 17 However, symptoms of angina in the general population are commonly not diagnosed 18 or are treated empirically in the absence of confirmatory investigation. 8 Even among patients being assessed by cardiologists, there is an appreciable coronary event rate among patients who are told that their pain is noncardiac. 19 To our knowledge, there are no randomized controlled trials of different investigation strategies among patients with chest pain; hence, there are no gold standard recommendations.
The primary outcome used in the ARIA Trial was the agreement between trial physicians' recommendations and those made earlier by 2 independent expert panels. This outcome has the advantages of reliability (both panels agreed) and face validity (it incorporated the judgments of generalists and specialists). Furthermore, patientspecific ratings have been shown to have prognostic validity for various procedures such as knee or hip replacement 20 and revascularization 21 (patients had better outcomes if they received the appropriate intervention compared with those who did not).
A secondary outcome, applicable to a subset of decisions, was based on the guideline recommendation that exercise ECG should be carried out among patients with intermediate pretest probability of coronary disease. We chose this outcome for a sensitivity analysis to test the possibility that physicians in the conventional guidelines arm might be more likely to change when judged by the guideline standard, based on the Duke score. No such effect was observed. Instead we observed a small (15%) nonsignificant advantage in the patient-specific ratings arm. This lack of effect on the outcome based on the Duke score is not surprising, as there was only moderate agreement with appropriateness based on expert panel ratings. Therefore, one third of 18 vignettes rated appropriate for exercise ECG had low or high pretest probability based on the Duke score. This lack of agreement is not unexpected: different variables are considered (the Duke score does not take into account angina severity), and (crucially) the Duke score was developed in a tertiary care setting and is known to overestimate the probability of disease in primary care. 22 We observed a marked effect of patient-specific ratings on physician test-ordering behavior among cardiologists and general practitioners, suggesting that the ratings were universally applicable, clinically credible, and unambiguous. Our findings are consistent with a previous trial on paper-based decision support in treatment decisions for back pain. 23 In our study, the effect of patientspecific ratings was consistent across vignettes of women, older patients, and different racial/ethnic groups. Among those in whom investigation was deemed appropriate by the expert panels, women and patients from ethnic minorities were less likely to be recommended for testing before the intervention. These differences were attenuated and became nonsignificant following the patient-specific ratings intervention. Taken together, these findings lend further support to the superiority of patient-specific ratings over conventional guidelines in changing physician behavior and offer a potential means to address inequitable underuse of investigation.
Previous interventions that included guidelines, audit, and feedback have had modest effects on test ordering and have focused largely on the overuse of investigation. 24, 25 The limited effect of guidelines on testing behavior may reflect difficulties in applying recommendations made among broad groups of patients to individuals, as well as the complexity and sheer volume of information contained in the guidelines. While in our study patient-specific ratings were readily available for each vignette in the patient-specific ratings arm, guidelines (even summarized and electronically accessible) had to be screened for information by participants in the conventional guidelines arm. Also, the same patient may appear under different sections of a single guideline, with potentially conflicting recommendations.
The lack of improvement in the management of patients with angina or asthma found in a randomized comparison of computerized guidelines vs no decision support was attributed to the poor uptake of the guidelines. 7 Despite attempts on our part to enhance the uptake of guidelines, including providing relevant sections and readily accessible full-text guidelines, and despite 86% of participants accessing the guidelines during their decision-making process, we likewise found no change in management with the use of guidelines.
The strengths of our multicenter study lie in a rigorous trial design, the large number of clinicians from primary and secondary care, and a well-designed intervention applicable to everyday clinical decision making. The main limitation of our trial is the use of patient vignettes. However, they offer the advantage of standardizing the patient characteristics across trial arms, largely removing the possibility that differences in patients might confound the trial findings. The validity of patient vignettes has been established in the evaluation of diagnostic accuracy, physical examination, and actual clinical practice in outpatient settings and primary care. 12 In addition, vignettes have been successfully used to explore physician behavior in ordering investigation and procedures in real-life practice. 26, 27 The positive findings in the ARIA Trial strengthen the case for randomized trials in real-life patient decision making, as we cannot exclude the possibility that the effectiveness of the intervention is altered by patient, physician, or system features in actual practice. 28 We also cannot exclude the possibility that the physicians who volunteered to participate in the trial were an unrepresentative group and were more likely to change their practice with the patient-specific ratings intervention than physicians who did not volunteer. However, this is unlikely because their characteristics are representative of all physicians in participating centers. The electronic health record, with its capacity for embedded decision support, offers a route to implementing patient-specific ratings in routine patient care. For exercise ECG, 55% of decisions agreed with the expert panels in the patientspecific ratings group. Strengthening the empirical evidence base, particularly with studies in unselected patients in primary care, may further improve the validity of patient-specific ratings and agreement. Our findings revealed an increase in the number of appropriate tests ordered with patient-specific ratings, which could address the underuse of revascularization, 21 for which angiography is a prerequisite in patients with angina. For policy makers, patient-specific recommendations provide a benchmark against which to measure health care inequalities and quality of care.
